Parametric sonar has proven to be an effective concept in sonar applications requiring only a single transmitted beam and relatively low information rates. To be a viable candidate for the broad class of sonar applications that require search sectors greater than the angular extent of the parametrically transmitted beam, techniques must be developed to form multiple transmitted beams or an angularly scanned beam for the parametric source sonar.
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The Crosecorrelation Function of Data Word 34 (1, 4, 2, 4) and Replica (1, 4, 2; 4) Normalized to Plot a Maximum Amplitude of 2.0 in.
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The Crosscorrelation Function of Data Word 35 (2, 1, 3, 4) and Replica (1, 4, 2, 4) Normalized to Plot a Maximum Amplitude of 2.0 in.
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The Crosscorrelation Function of Data Word 36 (2, 2, 3, 1) and Replica (1, 4, 2, 4) Normalized to Plot a Maximum Amplitude of 2.0 in.
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INTRODUCTION
A parametric source transmits two relatively high frequency primary signals which mix in the water to generate a signal at a frequency equal to the difference in frequency of the two primary signals. The radiation pattern of the difference frequency has a single lobe and has an angular beaTwidth which is generally about the same as the larger beamwidth of the two primary radiation patterns. The parametric sonar has proven to be an effective concept in depth sounding, echo ranging, and acoustic comunications applications requiring only single narrow transmitting beams and a relatively low information rate.
in applications that require relatively high information rates over angular sectors greater than the angular beamwidth of the parametric source, techniques must be developeO to form multiple contiguously spaced parametric beams or to angularly scan a single parametric beam over te desired angular sector.
During the period 1 December 1972 to 30 September 1973, under 0NR sponsorship (Contract N00014-70-A-0166, Task 0008), a laboratory parametric sonar that could produce parametrically generated difference frequency beams that were deflected from the major response axis of the projector was designed and assembled.
In a follow-up effort (Contract Tests were conducted at ARL's Lake Travis Test Station (LTLTS) to demonstrate the electronic scanning of a parametric beam and to measure its directivity pattern and source level at various steering angles.
Standard pulse techniques of measurement were used. The projector of the coded pulse transmitter was mounted on a rotating column in the water; this column allowed rotation on the azimuth and elevation axes.
A calibrated spherical hydrophone was placed in the farfield of the projector to measure the transmitted signal as the projector was rotated in azimuth. The range from the projector to the hydrophone was 67 m.
The voltage output of the hydrophone was filtered, amplified, gated, peak detected, and recorded on the y-axis of a recorder.
The parametric beams were produced by the simultaneous transmission of two primary beams, with carrier frequencies of 70 and 83.95 kHz.
Before measuring the parametric directivity pattern, however, separate directivity patterns were measured by transmitting only one primary frequency at a time. The parametric directivity pattern was then measured by simultaneously turning on both primary beams without changing input power levels. The calculated radiated acoustic power was 52.5 W.
The directivity patterns for deflected beams of ±l0, ±70, and ±140 beam which was deflected 10 from the projector axis was 1.70 wide at its -3 dB points, whereas the bear at 14 0 deflection was 2.0 wide.
Comparisons of the source levels of the primary beams and the parametric beams are also significant. These data were calculated from pressure measurements at a point on the projector axis, in the farfield of the projector. The source levels thus calculated were +219 and +220 dB re 1 pPa at 1 m for 83.95 and 70 kHz, respectively. The source level of the parametric beam was +181 dB re I pPa at 1 m.
III. CODE WORD GENERATION
The system just described was wuilt to transmit FSK code words with a parametric array in order to observe the transmission and reception of these code words experimentally and to gain engineering experience in the construction of such a transmitter.
As stated previously, a code word is a time sequence of acoustical pulses in which each pulse can have one of several carrier frequencies.
Upon reception, the code word is decoded and used to identify the azimuth sector into which it was transmitted. After transmission, however, the difference frequency waveform approaches zero in an exponential fashion and the function does approach zero between the pulses. This distortion must be taken into account when generating the replica waveforms for the correlator and will be discussed further in the section on the receiver.
There is one final comment which should be made about Fig. 6 . The fine grain structure of the waveform shows the results of combining the two primary frequencies. One of these primary frequencies was the same in each (Fig. 8) was the model used for study, although it does not resemble the simple receiver used to collect data. The receiver model will be described in the next few paragraphs.
The hydrophone of the model receiver shown in Fig. 8 The preamplifier of the model is followed by a set of replica correlators all connected in parallel, one for each word. These correlators would perform real-time correlations of the returning signal and separate out the code words matched to their particular replica.
Each correlator is followed by a peak detector and a threshold which makes the detection decision. The output of each threshold circuit goes to a particular azimuth sector on a display.
Data were collected to evaluate this model during tests conducted at LTTS. The next section discusses these tests in detail.
V. EXPERIMENTAL RESULTS
The transmitter and receiver described in sections II and IV were designed for three purposes:
(1) to electronically steer a parametric beam, (2) to demonstrate the reflection of a pulsed code word from a target, and (3) to collect data for computer analysis of various receiver schemes. The first purpose was accomplished and reported previously; the other two were to be accomplished in the single experiment described below.
Two objectives of the experiment which will be discussed are (1) to reflect a code word from a target and study the changes to the waveform by the parametric transmitter and by the target; and (2) to reflect code words from a target and record the returns on magnetic tape for the analysis of receiver models. Some of the expected results were not obtained because the transmitter did not produce sufficient source level for the returns to be detected.
In an alteration of the experiment, the target was replaced by a tape loop transponder which recorded and retransmitted the difference frequency signal at a much higher level than that of a target. Although this change to the experiment provided the high signal-to-noise ratio required, it also eliminated any change to t]'e echo structure 3 which would normally be caused by a large target. The transponder, on the other hand, introduced its own distortion to the waveform resulting from electronic distortion and the projector voltage sensitivity. Corrections for these distortions were placed in the computer analysis program.
The tests were conducted at LTTS, with all of the equipment installed on a barge which is permanently moored off-shore (see Fig. 9 ).
Most of the electronic equipment was located in a building at one end of the barge, while the transmitter and receiver wert mounted on a vertical column which. The equipment inside the building consisted of the electronic components of the transmitter, the transponder, the receiver, and the recorder. The transmitter, described in section II (see Fig. 2 ), generated the code word waveforms which were transmitted into the water.
The signal traveled through the water and was received by transponder hydrophone TR-225.
(The transponder system is illustrated in Fig. 10 .)
The primary frequencies were filtered out by a low pass filter and the difference frequency was then amplified and recorded on a 1/4 in. tape recorder. Since the recorder was set to monitor tape, the recorded signal was played brck after the time delay required for the tape to pass between the record and the playback heads. After the signal was played back, it was amplified by two power amplifiers and then retransmitted into the water as a difference frequency "reflection."
The receiver used to collect the data was similar to the hypothetical model receiver described in section IV up to the point where the data were placed on magnetic tape. The block diagram for the receiver system is shown in Fig. 11 and can be compared with Fig. 8 .
The hydrophone was an ITC 6032 which was mounted to provide a wide horizontal beam (780) and a narrow vertical beam (160). The bandwidth was 2 kHz and the center frequency was 10 kHz. 
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Computer processing of the data consisted of digitizing the data and placing it on tape, writing a computer program to process the data, and interpreting the results. The data were digitized by normal methods. The word length of the data was 12 bits and the sampling rate was 53 kHz.
Thirty samples of each code word were digitized, in addition to an ample segment of lake noise. The purpose of this noise ill become apparent in the discussion of the computer program which follows.
The computer program used to process the data is designed to generate the waveform at its output which would be produced by a single replica The analysis was done with two signal-to-noise ratios, but the resulting plots were alike.
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Comparison of the plots reveals some interesting facts. Looking at
Figs. 16 and 17, the diffurence between the autocorrelation of the code word (1, 4., 2, "4), and its counterpart, which is the correlation of data word (1, 4, 2, 4) with replica (i, 4, 2, 4), can be seen. The two functions are very similar in shape, but the center peak which corresponds to the point (T=O) is down to 3 relative to the side lobe height of 1.
Also, two of the peaks adjacent to the center peak are up to about 3.2.
The reduced height of the center peak of the data correlation is attributed to distortion and noise, since the autocorrelation plot in Fig. 16 has a peak value of 4 at T=O. 
Again observing
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VI. MJMARY AND CONCLUSIONS
This study has shown that parametrically generated difference frequency beams can be FSK coded to provide dist.inct code words for broad sector coverage parametric sonars. The technique of discriminating the code words using replica correlation has been demonstrated. Since no realistic target echoes were used in the evaluation ox the beamforming technique, no conclusions concerning the effectiveness of the system with echoes modified by target characteristics can be drawn. In addition, the system was not operated in the presence of reverberation or high ambient noise to measure the effects of these on the performance.
A continuing program to include the generation of larger code words and the operation of the system in realistic target/reverberation/noise environments is recommended.
